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Mr. Robert E. Dunne. Proiect Manaser
Tail ings Modernizatioh Pr6ject
Kennecott Utah Copper Corporation
11984 West Hiehw'ai ZOZ
Magna, Utatr 84O+4

Dear Mr. Dunne:

Subject: Review oi Appgndix 4-: Assessment of Acidification Potential - Kennecon Tailings
Impoundmenf Cround Water Discharge Permit No. UGW350011

The review of the Assessment of Acidification Potential monitoring plan that was received on Februarv
2l', 1996, has been completed. The following reflects conrments rrieived from representatives of th'e:
Division of Oil Gas and Mining , our consultarit Gene Farmer, and myself. We havialso considered the
discussion entertained with your staff and consultants in our ineeting on April 16, 1996.

One of the main items of d^iscussion during our April 16 meeting, was identifying the objectives of the
monitoring program. The following are some oveiall obiectives iliat the monit'crriie plan ihould meet in
order to address the requiremen-ts_o-f compliance conditibn No. 4 in the ground witer discharge permit
and the reclamation standards of DOCM:^

oAccurately quantify the acidification that will occur on the impoundment. both in a lateral
extent, and in the degree of acidity, (i.e. soil pH) to allow DOGM to assess if the reclamation
proposed for the impoundment will prevent oi ririnimize wind and water erosion throueh the
establishment of a diverse and self--sustaining vegetative communiw that is suitable f6r the
proposed post-mining land use of wildlife hab-itat.- Some of these saine issues will need to be
addressed to satisfy the requirements of compliance condition No. 9 f inal Closure) in the ground
water discharge permit.

.Assure the Division of Water Qualitv that anv discharges from the tailines imooundment will
not migrate into or adversely affect the quality of any oth;r waters of the stite, iniludine surface
water quality^standards,. and_that any dis-charges are 

-compatible 
with the receiiing grount water.

The degree of acidification that wilf occur wiJl determine^ the concentration of mair/ pH sensitive
metals species.

oFurther quantify acidification potential to determine if the controls
with lime) are appropriate or if additional control measures will be need
environmentally acceptable final closure.

.Present a statistically sound characterization of acidification Dotential for the different units of
both the existing and 

-expansion 
portion of the Tailings Impouirdment.

Soecific Comments and Deficiencies

3. 1. 1 Sampline Locations
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Sampling will be required in four primary areas and five secondary areas as follows:

1. Interior Surface of Existing Impoundment

a) Copperton Concentrator Tailings
b) Magna Concentrator Tailings
c) Slag Tailings
d) Power Plant Ash
e) Hydrometalurgical Plant flows

2. Embankment of Existing Impoundment

3. Interior Surface of Expansion Portion of Impoundment

4. Embankment of Expansion Portion of Impoundment

Existing Impoundment - Interior Surface

The existing inflows to the impoundment need to be sampled, starting surnmer 1996, to provide
character'tzation of the interior surface of the impoundment. The intensity of sampling should reflect the
relative proportions of the inflows. The objeciive here would be to more fully chlracterize the final
surface of the existing impoundment unless ihanges are made between now and placement of the final
layer of tailings prior to reclamation. At this time, only four samples from the interior surface area of
several thousand acres have been analyzed. Information gained from sampling existing inflows will be
used to assqss the proposed reclamati<in plan and determiie if any operati6nal-changes-need to be made
prior to placement-of the final layer of tailings.

Kennecott has provided results from 17 transects of the existing embankment (52 sampling locations at
two depths; 104 total samples). The results from these samples indicate thad from 20 t6 nn of the
embankment will show some acidification. This collaborates with visual observations on the
embankments to date. The remaining acidification potential of these areas needs to be quantified.
Kennecott has proposed spot treatment with lime amendment to address this issue. The samples from the
embankment have been grouped into upper, middle, and lower classifications. Based on ihe statistical
calculations in addendum No.l, additional samples will be needed for the middle and lower portions of
the existing embankment.

Exnansion Portion of Impoundment
Kennecoartromthecycloneundert.lowmateria]stocharacterizethe
approximately 6 niile long, 200 i foo-t high embankmentbf the expansion portion of the impoundment.
No sampling of the overflow materials is proposed that will constitute the 3000+ acre intetior area of
the expansion portion of the impoundment. In addition to sampling the underflow (coarse material) from
the cyclone stations, samples of overflow (fine material) that will constitute the surface of the
impoundment must be included in the plan. The obiective is to assess with some certainw- what the
acidification potential of the 3000+ acr6 interior area of the expansion portion of the impoundment will
be, and to asiess th.e adequacy of the proposed reclamation plair to deteimine if any operational changes
need to be made prior to irlac-ement of thi: final layer of tailings.

3. 1.2 Sampling Frequency

Using commonly accepted variance analysis, the number of samples needed to predict the mean ABA
value (within the interval of+ l0 to- l0 tons/ktons) of the populatlon with a95Vo confidence level are as
follows:
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r. lnree oala pornB tnat may prove to be ouuren rnlluence
be obtained to veri$ if in fact these obsewations are or:tliers.

2. See sample selection criteria noted in addendum No. l.

Thes. sqmplq should be grab type samples rather than composite samples. After each year of sampling,
the numbei of samples needed p^er year' witl be assessed and adjusted^accordingly.

Kennecott has proposed one kinetic test per vear. Kinetic tests should be oerformed on at least l0% of
the ABA samples from each unit. Aftei th*i initial round of sampling, th^is frequency can be adjusted
based on results.

3.1.3 Testing method and parameters

A formal protocol for kinetic testing must be included in Appendix A. The Drotocol should include
sample selbction criteria, lab set up,-analytical methods anO cbhditions for terminating the test.

Initially, kinetic testing should be conducted on samples with ABA values between -10 and + 10
tons/kton. This will allow assessment of samples withiirthe.zone of uncertainty. The range of -10 to
+ 10 tons/kton may be adjusted pending the outcome of the initial rounds of kinetic testing.

The methodology used to calculate ABA values should be specified in the protocol for ABA sampling and
analvsis.

l. t.SORIOC Prog.ut

The discussion on reference samples is not clear. Please provide an additional exolanation of this
proposal. What control charts have previously been developed? How will this process work?

Unit Samples
Taken z

Sample Size
Needed for
Statistical
Adequacy

Samples still
needed

Recommended Annual
Sampling Frequency

lnterior Surface of
Existing Impoundment

A Cannot calculate
with only four
samples

Unknown l2 Copperton (monthly)
12 Magna (monthly)
4 Slag Tailings (qtrly.)
4 Power Plant Ash (qtrly.)
4 Hydromet elfluent (qtrly)

Existing Embankment:
Upper Section

t7 T2 none

Existing Embankment:
Middle Section

t8 72 54 27

Existing Embankment:
Lower Section

22 344t. 322 10'.

Cyclone Underflow 7 6l 54 12 (monthly)

Cyclone Overflow none no &ta Start with 20 samples
(spaced over time) to
calculate first estimate of
variance

pomts lhat may prove to be s|':ze slgruIlcanuy.
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4.0 Reportine

An annual report will be needed for 1996 samplins results. Accordins to the requirements of the
ground water discharge permit, the annual report is due 5y March 3l for thJprior yeai's sampling.

Other Items

Protocols for taking samples. sample handline. and chain of custodv will need to be included in
this plan.. Copies of the laboratr5ry andyiis for each-iample taken will neriC to be provided along with
me annual report (or precede lt).

In order to have an approvable plan in time to begin sampling in the summer of 1996, would you please
assure that a revised vbrsion ofAppendix A that-address'e.s tfi'e issues noted in this letter is submifted to
the Division of Water Qpaity by Jrine 19. 1996. If you have questions or would like to meet to discuss
any issues relating to this plan, please free to contait me.

Sincerely,

\.f/- l'/e'/*f
/
John Whitehead, Ground Water Hydrologist
Ground Water Protection Section

JW:wfrn

cc: [ayngHedberg, DOGM3
uene rarmer

t :\wQ\|ErMnsvwHtTsrE\wp\r NNCoTTITAtr-0,ns\AclDxoN. LTr
FILE:KENT{E@TT TAtrxrcs



May 7,1996

ADDENDUM NUMBER I

AN EXAMPLE OF A SIMPLE STATISTICAL APPROACH APPLIED
TO THE KENNECOTT ACID.BASE ACCOTINT DATA SET

Introduction
The purpose of this work was to identifo the number of representative samples that might
be required to define the sample means in dre acid-base account data set plus or minus 10
tons/1000 tons of waste at a glYolevel of confidence. It should be emphasized that these
sample numbers are estimates. They are not hard values; they are intended only as guides.

These estimates also imply that the sample values are representative of the population
from which they are drawn, in this case the appropriate KUC tailings compartnent or
location. In addition to considerations of representativeness, it is also necessary to consider
other conditions associated with statistical testing of normal populations, such as the
collection of independent random samples.

In the development of the data set for each analysis some rules were established as an aid
to minimize bias. Only one value was included for each sampling point. In those cases
where multiple values (as many as six) were reported for a single sarnpling point the value
included in the data set was that value closest to zero. This rvill have the effect of reducing
the sample variance. When a single sampling point contained both positive and negative
values the negative value was retained.

The ABA values rvere calculated from the Energy Laboratory sheets provided by KUC
using the Schafer and Associates SOP-Al protocol.

Existine Embanlment Upper Samples
seventeen sample locafions were used in the calculations: T2U, T3U,T5U,T5U, Tru,
T8US, T9U, TIOU, TIIU, T14U, TI5U, TI6U, TITLJ, T18U, TI9U, T2OIJ, AND
T2lUB. All data points were included. Missing sample locations were not in the KUC
data set.

Tlre resulting ABA data set was : -21, -45, -15, -5, -9,9, -3, 13, -L, -21, -4,13,3, 11, 15,
7andl.N=17.

Sample meall = -3.06
Sample variance = s'= 245.56

Stein's Sample Number Estimator

n:tt*szl d2

where:
n: the required sample number



t2 : tabulated F value for d.f. (1,16) at 0.05 probability
s2 : sample variance
d2 = half-width of the desired confidence interval, squared

n= 4.49 * 245.56t (20n)z
n:11.03 samples
Roundingupn= 12

Since we have 17 samples and need only 12, rve have enough samples. The mean ABA
value of -3.06 is within plus or minus l0 tons/1000 tons of the population mean at a
confidence level of 95%. Or, -13 < ABA mean value < *7.

Existins Embanlsnent. Middle Level Samoles
All reported sample locations were used, from TIM toT22Nl. Sample locations 7,8,9,
and 10 are missing from the KUC data set. The ABA data set is: 34, -6, -4, -6, -9, L54, -5,
=17, -4,18,24,7, -t2, -36, -1, -8, -12, and -14. N = 18.

Sample mean = 5.72
Sample variance : 1622.09
Stein's estimator = n = 4.45 * 1622.091 (201?)2

n = 72 samples.
Since we already have l8 sarnples, 54 more samples are needed.

Existine Embalilsnent Lower Level Sarnples
Twenty-two sample locations were used. The ABA data set is: -4,-2, -3, -l l, -12, -8, l6l,
-1,260, 4, -4, -10, -29,299,90, -22,30, -4, -9, -lg, -16 and _5. N = 22.

Sample mean = 30.64
Sample variance = 7970.05
Steirr's estirnator : n: 4.32 * 7970.051 (20/Dz
n = 344 samples
Sirrce we have 22 samples, we need 322 more samples.
It seems that the values of l6l, 260, and 288 might be out of place in this data set. Some
effort to determine if these values are real or if they are outliers rnight be justified.

Cvclone Underflow Samples
The data set consists of 7 values frorn tailings simulated for testing purposes. The ABA
data set is: 15, 13, -4,7, -75,9, and 4. N-= 7.

Sample mean = -4.43
Sample variance = 1007.29
Stein's estimator : n = 5.99 * 1007.291100 = 6l samples
Since we have 7 samples, we need 54 more samples.

Exi stinq Imooundment Interior Surface Samples



This data set consists of four ABA values. The data set is: 5, 14, 9, and 13. It is not
appropriate to calculate Stein's estimator on this data set since these data cannot be
considered represelrtative ofthe interior ofthe existing tailings impoundment which
consists of 4000 to 5000 acres ofailings.


